United States Patent

US009441174B2

(12) 10) Patent No.: US 9,441,174 B2
Baldassari et al. 45) Date of Patent: Sep. 13, 2016
(54) MULTISTAGE RESID HYDROCRACKING FOREIGN PATENT DOCUMENTS
(75) Inventors: Mario C. Baldassari, Morris Plains, NJ EE 2‘9‘822?; ﬁ} 142‘; éggg
(US); Ujjal K. Mukherjee, %womgleig’ GB 1560148 A 1/1980
g; ggg Avinash Gupta, Bloomfield, WO 2008014947 Al 2/2008
OTHER PUBLICATIONS
(73) Assignee: Lummus Technology Inc., Bloomfield, ] ] o ]
NJ (US) Official Action (w/translation) issued Jun. 23, 2014 in correspond-
ing Russian application No. 2013131001 (8 pages).
(*) Notice: Subject to any disclaimer, the term of this Substantive Examiantion Adverse Report Issued Aug. 29, 2014 in
patent is extended or adjusted under 35 corresponding Malaysian application No. PI 2011006267 (3 pages).
U.S.C. 154(b) by 1090 days. Second Office Action (w/translation) issued Aug. 7, 2014 in corre-
sponding Chinese application No. 201080027522.0 (17 pages).
(21) Appl. No.: 13/491,147 Office Action (with letter reporting same) issued Mar. 8, 2013 in
corresponding Mexican application No. MX/a/2011/013604 (3
(22) Filed:  Jun.7, 2012 pages).
Official Action (w/tanslation) issued Jul. 23, 2015 in corresponding
(65) Prior Publication Data Korean application No. 10/2013/7023787 (12 pages).
Decision on Granting of Patent Right (with translation) issued Nov.
US 2012/0241357 Al Sep. 27, 2012 20, 2013 in corresponding Korean application No. 10-2012-
7001729 (6 pages).
Related U.S. Application Data Official Action (w/translation) issued Feb. 1, 2013 in corresponding
. . s Russian application No. 201202048 (8 pages).
(63) ilonmggua;gélgoigl\?gzm;% I\gozéi/;‘zg(()) 089, filed on Extended European Search Report issued Jan. 28, 2013 in corre-
T ’ ’ o sponding European Patent Application No. 12181854.6 (6 pages).
(51) Int. Cl Office Action issued Feb. 11, 2013 in corresponding Canadian
CIbG (;7/04 (2006.01) application No. 2,764,971 (4 pages).
C10G 65/14 200 6. 01 International Search Report and Written Opinion issued Sep. 24,
C10G 21/00 52006.013 2010 in International Patent Application No. PCT/US2010/001736
: (9 pages).
C10G 47/00 (2006.01) Official Action (w/translation) issued Jul. 15, 2013 in corresponding
C10G 49/22 (2006.01) Korean application No. 10/2012/7001729 (14 pages).
(52) US. CL Examination Report issued Nov. 14, 2014 in corresponding GCC
CPC .......... CI10G 67/049 (2013.01); C10G 21/003 application No. GC2010-16125 (4 pages).
(2013.01); C10G 47/00 (2013.01); C10G Search and Examination Report issued Nov. 22, 2013 in corre-
2300/107 (2013.01); C10G 2300/1077 sponding Singapore Patent Application No. 201109622-9 (11
(2013.01); C10G 2300/206 (2013.01); C10G pages).
2300/301 (2013.01); CI10G 2300/42 (2013.01) Correspondence reporting an Office Action issued Mar. 5, 2015 in
(58) Field of Classification Search corres)ponding Mexican application No. MX/a/2013/005505 (7
CPC ... C10G 67/04; C10G 65/14; C10G 21/00; pages).
’ C10G 47/06; C10G 49/22’ Communicati(?n pursuant to Anic.le ?4(3) EPC issued Feb. 11, 2016
See application file for complete search history in corresponding European application No. 12181854.6 (5 pages).
’ Communication pursuant of Article 94(3) EPC issued Sep. 29, 2015
(56) References Cited in corresponding European application No. 10 726 674.4 (5 pages).

U.S. PATENT DOCUMENTS

4,062,758 A * 12/1977 Goudriaan ......... C10G 67/0454

* cited by examiner

Primary Examiner — Randy Boyer

208/108 (74) Attorney, Agent, or Firm — Osha Liang LLP
4,176,048 A 11/1979 Corns et al.
4,239,616 A 12/1980 Gearhart
4354922 A 10/1982 Derbyshire et al. (57) ABSTRACT
4354928 A 10/1982 Audeh et al. Processes for upgrading resid hydrocarbon feeds are dis-
4,440,633 A 4/1984 Jacquin et al. X X
4536283 A 8/1985 Davis closed. The upgrading processes may include: hydrocrack-
4,640,762 A 2/1987 Woods et al. ing a resid in a first reaction stage to form a first stage
6,017,441 A /2000 Morel effluent; hydrocracking a deasphalted oil fraction in a second
6,436,279 B1* 8/2002 Colyar ......cccccoe... C10G 45/16 . £ d £l - fracti .
508/107 reaction stage to form a second stage eflluent; fractionating
7,214,308 B2 5/2007 Colyar the first stage effluent and the second stage effluent to
7,279,090 B2 10/2007 Colyar et al. recover at least one distillate hydrocarbon fraction and a
;gg;%gg E% 13; %8}2 %/I?gtanar! et a{ resid hydrocarbon fraction; feeding the resid hydrocarbon
5 ) alaassari €t al. . . . .
2006/0157385 Al 3k 7/2006 MOnta.narl .......... CIOG 65/18 fraCtlon to a ?Olvent deasphaltlng uan to PrOVIde an
208/49 asphaltene fraction and the deasphalted oil fraction.
2007/0108100 Al 5/2007 Satchell
2009/0261016 Al 10/2009 Marchionna et al. 21 Claims, 4 Drawing Sheets



U.S. Patent Sep. 13,2016 Sheet 1 of 4 US 9,441,174 B2

Co|
N
<
ol
o = y 8 Lo,
135)
b
©
b
<
<« - ™~
o
| -
- o]
(@) AN h 4
i S
o™
b3 Y]
-

10
12



US 9,441,174 B2

Sheet 2 of 4

Sep. 13, 2016

U.S. Patent

¥E

Ze

4\

c9

&

gG

gz |

Z aInbi4




US 9,441,174 B2

Sheet 3 of 4

Sep. 13, 2016

U.S. Patent

433

I3

cLe

1£4%

8c¢c

]
]
3¢]
[

3

0i€

(adwiexg sAneiedwon) ¢ ainbiy

A

goe

a5

Q0¢

7



US 9,441,174 B2

Sheet 4 of 4

Sep. 13, 2016

U.S. Patent

.vm F. Y
S w
m i
! ce ” >
_ w 8l
| m
! 0t |
| 1 :
| :
_ « R
09 85 : @ e
z9 | _
i . _ !
- |
m - |
! m
_ :
95 | SR wr | |
| — |
| i
: |
| Nt
: |
“ 1 05 i o¢nw 4 143 <
i g oL
9c _ _
: {
@ gy m
; — o i
= S
) zl

7 24nbBl4



US 9,441,174 B2

1
MULTISTAGE RESID HYDROCRACKING

CROSS-REFERENCE TO RELATED
APPLICATION

This application, pursuant to 35 U.S.C. §120, claims
benefit to U.S. patent application Ser. No. 12/490,089, filed
Jun. 23, 2009. That application is herein incorporated by
reference in its entirety.

BACKGROUND OF DISCLOSURE

1. Field of the Disclosure

Embodiments disclosed herein relate generally to process
for upgrading petroleum feedstocks. In one aspect, embodi-
ments disclosed herein relate to a process for hydrocracking
and deasphalting resid. In another aspect, embodiments
disclosed herein relate to an integrated process for upgrading
resid including multiple hydrocracking stages.

2. Background

Hydrocarbon compounds are useful for a number of
purposes. In particular, hydrocarbon compounds are useful,
inter alia, as fuels, solvents, degreasers, cleaning agents, and
polymer precursors. The most important source of hydro-
carbon compounds is petroleum crude oil. Refining of crude
oil into separate hydrocarbon compound fractions is a well-
known processing technique.

Crude oils range widely in their composition and physical
and chemical properties. Heavy crudes are characterized by
a relatively high viscosity, low API gravity, and high per-
centage of high boiling components (i.e., having a normal
boiling point of greater than 510° C. (950° F.)).

Refined petroleum products generally have higher aver-
age hydrogen to carbon ratios on a molecular basis. There-
fore, the upgrading of a petroleum refinery hydrocarbon
fraction is generally classified into one of two categories:
hydrogen addition and carbon rejection. Hydrogen addition
is performed by processes such as hydrocracking and
hydrotreating. Carbon rejection processes typically produce
a stream of rejected high carbon material which may be a
liquid or a solid; e.g., coke deposits.

Hydrocracking processes can be used to upgrade higher
boiling materials, such as resid, typically present in heavy
crude oil by converting them into more valuable lower
boiling materials. For example, at least a portion of the resid
feed to a hydrocracking reactor may be converted to a
hydrocracking reaction product. The unreacted resid may be
recovered from the hydrocracking process and either
removed or recycled back to the hydrocracking reactor in
order to increase the overall resid conversion.

The resid conversion in a hydrocracking reactor can
depend on a variety of factors, including feedstock compo-
sition; the type of reactor used; the reaction severity, includ-
ing temperature and pressure conditions; reactor space
velocity; and catalyst type and performance. In particular,
the reaction severity may be used to increase the conversion.
However, as the reaction severity increases, side reactions
may occur inside the hydrocracking reactor to produce
various byproducts in the form of coke precursors, sedi-
ments, other deposits as well as byproducts which form a
secondary liquid phase. Excessive formation of such sedi-
ments can hinder subsequent processing and can deactivate
the hydrocracking catalyst by poisoning, coking, or fouling.
Deactivation of the hydrocracking catalyst can not only
significantly reduce the resid conversion, but can also
require more frequent change-outs of expensive catalyst.
Formation of a secondary liquid phase not only deactivates
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the hydrocracking catalyst, but also limits the maximum
conversion, thereby resulting in a higher catalyst consump-
tion which can defluidize the catalyst. This leads to forma-
tion of “hot zones™ within the catalyst bed, exacerbating the
formation of coke, which further deactivates the hydroc-
racking catalyst.

Sediment formation inside the hydrocracking reactor is
also a strong function of the feedstock quality. For example,
asphaltenes that may be present in the resid feed to the
hydrocracking reactor system are especially prone to form-
ing sediments when subjected to severe operating condi-
tions. Thus, separation of the asphaltenes from the resid in
order to increase the conversion may be desirable.

One type of processes that may be used to remove such
asphaltenes from the heavy hydrocarbon residue feed is
solvent deasphalting. For example, solvent deasphalting
typically involves physically separating the lighter hydro-
carbons and the heavier hydrocarbons including asphaltenes
based on their relative affinities for the solvent. A light
solvent such as a C; to C, hydrocarbon can be used to
dissolve or suspend the lighter hydrocarbons, commonly
referred to as deasphalted oil, allowing the asphaltenes to be
precipitated. The two phases are then separated and the
solvent is recovered. Additional information on solvent
deasphalting conditions, solvents and operations may be
obtained from U.S. Pat. Nos. 4,239,616; 4,440,633; 4,354,
922; 4,354,928; and 4,536,283.

Several methods for integrating solvent deasphalting with
hydrocracking in order to remove asphaltenes from resid are
available. One such process is disclosed in U.S. Pat. Nos.
7,214,308 and 7,279,090. These patents disclose contacting
the residue feed in a solvent deasphalting system to separate
the asphaltenes from deasphalted oil. The deasphalted oil
and the asphaltenes are then each reacted in separate hydro-
cracking reactor systems.

Moderate overall resid conversions (about 65% to 70% as
described in U.S. Pat. No. 7,214,308) may be achieved using
such processes, as both the deasphalted oil and the
asphaltenes are separately hydrocracked. However, the
hydrocracking of asphaltenes as disclosed is at high severity/
high conversion, and may present special challenges, as
discussed above. For example, operating the asphaltenes
hydrocracker at high severity in order to increase the con-
version may also cause a high rate of sediment formation,
and a high rate of catalyst replacement. In contrast, operat-
ing the asphaltenes hydrocracker at low severity will sup-
press sediment formation, but the per-pass conversion of
asphaltenes will be low. In order to achieve a higher overall
resid conversion, such processes typically require a high
recycle rate of the unreacted resid back to one or more of the
hydrocracking reactors. Such high-volume recycle can sig-
nificantly increase the size of the hydrocracking reactor
and/or the upstream solvent deasphalting system.

Accordingly, there exists a need for improved resid hydro-
cracking processes that achieve a high resid conversion,
reduce the overall equipment size of hydrocracking reactor
and/or solvent deasphalter, and require less frequent hydro-
cracking catalyst change-outs.

SUMMARY OF THE DISCLOSURE

In one aspect, embodiments disclosed herein relate to a
process for upgrading resid. The process may include:
hydrocracking a resid in a first reaction stage to form a first
stage effluent; hydrocracking a deasphalted oil fraction in a
second reaction stage to form a second stage effluent;
fractionating the first stage effluent and the second stage
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effluent to recover at least one distillate hydrocarbon fraction
and a resid hydrocarbon fraction; feeding the resid hydro-
carbon fraction to a solvent deasphalting unit to provide an
asphaltene fraction and the deasphalted oil fraction.

In another aspect, embodiments disclosed herein relate to
a process for upgrading resid. The process may include:
feeding hydrogen and a resid hydrocarbon to a first reactor
containing a first hydrocracking catalyst; contacting the
resid and hydrogen in the presence of the hydrocracking
catalyst at conditions of temperature and pressure to crack at
least a portion of the resid; recovering an effluent from the
first reactor; feeding hydrogen and a deasphalted oil fraction
to a second reactor containing a second hydrocracking
catalyst; contacting the deasphalted oil fraction and hydro-
gen in the presence of the second hydrocracking catalyst at
conditions of temperature and pressure to crack at least a
portion of the deasphalted oil; recovering an effluent from
the second reactor; fractionating the first reactor effluent and
the second reactor effluent to form at least one distillate
hydrocarbon fraction and at least one resid hydrocarbon
fraction; feeding the at least one resid hydrocarbon fraction
to a solvent deasphalting unit to provide an asphaltene
fraction and the deasphalted oil fraction.

Other aspects and advantages will be apparent from the
following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a simplified flow diagram of a hydrocracking
and deasphalting process according to embodiments dis-
closed herein.

FIG. 2 is a simplified flow diagram of a hydrocracking
and deasphalting process according to embodiments dis-
closed herein.

FIG. 3 is a simplified flow diagram of a process for
upgrading resid for comparison to processes according to
embodiments disclosed herein.

FIG. 4 is a simplified flow diagram of a hydrocracking
and deasphalting process according to embodiments dis-
closed herein.

DETAILED DESCRIPTION

Embodiments disclosed herein relate generally to process
for upgrading petroleum feedstocks. In one aspect, embodi-
ments disclosed herein relate to a process for hydrocracking
and deasphalting resid. In another aspect, embodiments
disclosed herein relate to an integrated process for upgrading
resid including multiple hydrocracking stages.

Residuum hydrocarbon (resid) feedstocks useful in
embodiments disclosed herein may include various heavy
crude and refinery fractions. For example, resid hydrocarbon
feedstocks may include fresh resid hydrocarbon feeds,
petroleum atmospheric or vacuum residue, hydrocracked
atmospheric tower or vacuum tower bottoms, straight run
vacuum gas oil, hydrocracked vacuum gas oil, fluid cata-
Iytically cracked (FCC) slurry oils or cycle oils, as well as
other similar hydrocarbon streams, or a combination thereof,
each of which may be straight run, process derived, hydro-
cracked, partially desulfurized, and/or low-metal streams.
The above resid feedstocks may include various impurities,
including asphaltenes, metals, organic sulfur, organic nitro-
gen, and Conradson carbon residue (CCR). The initial
boiling point of the resid is typically greater than about 350°
C.

Processes according to embodiments disclosed herein for
conversion of resid hydrocarbon feedstocks to lighter hydro-
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carbons include initially hydrocracking the resid feedstock,
including any asphaltenes contained therein. The entire resid
feed, including asphaltenes, may be reacted with hydrogen
over a hydrocracking catalyst in a first hydrocracking reac-
tion stage to convert at least a portion of the hydrocarbons
to lighter molecules, including the conversion of at least a
portion of the asphaltenes. In order to mitigate sediment
formation, the first stage hydrocracking reaction may be
conducted at temperatures and pressures that may avoid high
rates of sediment formation and catalyst fouling (i.e., “mod-
erate severity” reaction conditions). Resid conversion in the
first reaction stage may be in the range from about 30 wt %
to about 75 wt % in some embodiments.

The reaction product from the first stage may then be
separated to recover at least one distillate hydrocarbon
fraction and a resid fraction including unreacted resid feed,
asphaltenes, and any resid-boiling range products resulting
from hydrocracking of the asphaltenes contained in the resid
feedstock. Distillate hydrocarbon fractions recovered may
include, among others, atmospheric distillates, such as
hydrocarbons having a normal boiling temperature of less
than about 340° C., and vacuum distillates, such as hydro-
carbons having a normal boiling temperature of from about
468° C. to about 579° C.

The resid fraction may then be separated in a solvent
deasphalting unit to recover a deasphalted oil fraction and an
asphaltenes fraction. The solvent deasphalting unit may be,
for example, as described in one or more of U.S. Pat. Nos.
4,239,616, 4,440,633, 4,354,922, 4,354,928, 4,536,283, and
7,214,308, each of which is incorporated herein by reference
to the extent not contradictory to embodiments disclosed
herein. In the solvent deasphalting unit, a light hydrocarbon
solvent may be used to selectively dissolve desired compo-
nents of the resid fraction and reject the asphaltenes. In some
embodiments, the light hydrocarbon solvent may be a C; to
C, hydrocarbon, and may include propane, butane, isobu-
tane, pentane, isopentane, hexane, heptane, and mixtures
thereof.

The deasphalted oil fraction may be reacted with hydro-
gen over a hydrocracking catalyst in a second hydrocracking
reaction stage to convert at least a portion of the hydrocar-
bons to lighter molecules. The reaction product from the
second hydrocracking reaction stage may then be separated
along with the reaction product from the first hydrocracking
stage to recover distillate range hydrocarbons produced in
both the first and second hydrocracking reaction stages.

Processes according to embodiments disclosed herein
thus include a solvent deasphalting unit downstream of the
first hydrocracking reaction stage, providing for conversion
of at least a portion of the asphaltenes to lighter, more
valuable hydrocarbons. Hydrocracking of asphaltenes in the
first reaction stage may provide for overall resid conversions
that may be greater than about 60 wt % in some embodi-
ments; greater than 85 wt % in other embodiments; and
greater than 95 wt % in yet other embodiments. Addition-
ally, due to conversion of at least a portion of the asphaltenes
upstream, the required size for solvent deasphalting units
used in embodiments may be less than would be required
where the entire resid feed is initially processed.

Catalysts used in the first and second reaction stages may
be the same or different. Suitable hydrotreating and hydro-
cracking catalysts useful in the first and second reaction
stages may include one or more elements selected from
Groups 4-12 of the Periodic Table of the Elements. In some
embodiments, the hydrotreating and hydrocracking catalysts
according to embodiments disclosed herein may comprise,
consist of, or consist essentially of one or more of nickel,
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cobalt, tungsten, molybdenum and combinations thereof,
either unsupported or supported on a porous substrate such
as silica, alumina, titania, or combinations thereof. As sup-
plied from a manufacturer or as resulting from a regenera-
tion process, the hydroconversion catalysts may be in the
form of metal oxides, for example. If necessary or desired,
the metal oxides may be converted to metal sulfides prior to
or during use. In some embodiments, the hydrocracking
catalysts may be pre-sulfided and/or pre-conditioned prior to
introduction to the hydrocracking reactor.

The first hydrotreating and hydrocracking reaction stage
may include one or more reactors in series and/or parallel.
Reactors suitable for use in the first hydrotreating and
hydrocracking reaction stage may include any type of hydro-
cracking reactor. Ebullated bed reactors and fluidized bed
reactors are preferred due to the processing of asphaltenes in
the first reaction stage. In some embodiments, the first
hydrocracking reaction stage includes only a single ebul-
lated bed reactor.

The second hydrocracking reaction stage may include one
or more reactors in series and/or parallel. Reactors suitable
for use in the second hydrocracking reaction stage may
include any type of hydrocracking reactor, including ebul-
lated bed reactors, fluidized bed reactors, and fixed bed
reactors, among others. Asphaltenes may be present in the
deasphalted oil only to a minor extent, thus a wide variety
of reactor types may be used in the second reaction stage.
For instance, a fixed bed reactor may be considered where
the metals and Conradson carbon residue of the deasphalted
oil fraction fed to the second hydrocracking reaction stage is
less than 80 wppm and 10%, respectively. The number of
reactors required may depend on the feed rate, the overall
target resid conversion level, and the level of conversion
attained in the first hydrocracking reaction stage.

The fractionating of effluents from first and second reac-
tion stages can be achieved in separate, independent frac-
tionation systems, or more preferably, in a common frac-
tionation system placed intermediate to the two
hydrocracking reaction stages. Furthermore, it is contem-
plated that the reaction product from the second stage may
be separated along with or independently from the reaction
product from the first stage reaction.

The hydrocracking reaction in each of the first and second
reaction stages may be conducted at a temperature in the
range from about 360° C. to about 480° C.; from about 400°
C. to about 450° C. in other embodiments. Pressures in each
of the first and second reaction stages may be in the range
from about 70 bara to about 230 bara in some embodiments;
from about 100 to about 180 bara in other embodiments. The
hydrocracking reactions may also be conducted at a liquid
hourly space velocity (LHSV) in the range from about 0.1
hr! to about 3.0 hr™! in some embodiments; from about 0.2
hr™' to about 2 hr™" in other embodiments.

In some embodiments, operating conditions in the first
reaction stage may be less severe than those used in the
second reaction stage, thus avoiding excessive catalyst
replacement rates. Accordingly, overall catalyst replacement
(i.e., for both stages combined) is also reduced. For example,
the temperature in the first reaction stage may be less than
the temperature in the second reaction stage. Operating
conditions may be selected based upon the resid feedstock,
including the content of impurities in the resid feedstock and
the desired level of impurities to be removed in the first
stage, among other factors. In some embodiments, resid
conversion in the first reaction stage may be in the range
from about 30 to about 60 wt %; from about 45 to about 55
wt % in other embodiments; and less than 50 wt % in yet
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other embodiments. In addition to hydrocracking the resid,
sulfur and metal removal may each be in the range from
about 40% to about 75%, and Conradson carbon removal
may be in the range from about 30% to about 60%. In other
embodiments, at least one of an operating temperature and
an operating pressure in the first reaction stage may be
greater than used in the second reaction stage.

Although resid conversion in the first reaction stage may
be purposefully reduced to prevent catalyst fouling, overall
resid conversions for processes according to embodiments
disclosed herein may be greater than 80% due to the partial
conversion of asphaltenes in the first reaction stage and the
conversion of DAO in the second reaction stage. Using
process flow schemes according to embodiments disclosed
herein, overall resid conversions of at least 80%, 85%, 90%
or higher may be attained, which is a significant improve-
ment over what can be achieved with a two-stage hydroc-
racking system alone.

Referring now to FIG. 1, a simplified process flow dia-
gram of processes for upgrading resid according to embodi-
ments disclosed herein is illustrated. Pumps, valves, heat
exchangers, and other equipment are not shown for ease of
illustration of embodiments disclosed herein.

A resid and hydrogen may be fed via flow lines 10 and 12,
respectively, to a first hydrocracking reaction stage 14
containing a hydrocracking catalyst and operating at a
temperature and pressure sufficient to convert at least a
portion of the resid to lighter hydrocarbons. The first stage
reactor effluent may be recovered via flow line 16. As
described above, the first stage effluent may include reaction
products and unreacted resid, which may include unreacted
feed components such as asphaltenes, and hydrocracked
asphaltenes having various boiling points, including those in
the boiling range of the resid feedstock.

A deasphalted oil fraction and hydrogen may be fed via
flow lines 18 and 20, respectively, to a second hydrocracking
reaction stage 22 containing a hydrocracking catalyst and
operating at a temperature and pressure to convert at least a
portion of the deasphalted oil to lighter hydrocarbons. The
second stage reactor effluent may be recovered via flow line
24.

The first stage effluent and the second stage effluent in
flow lines 16, 24 may then be fed to a separation system 26.
In separation system 26, the first and second stage effluents
may be fractionated to recover at least one distillate hydro-
carbon fraction and a hydrocarbon fraction including the
unreacted resid, asphaltenes, and similar boiling range com-
pounds formed from hydrocracking of the asphaltenes. The
distillate hydrocarbon fractions may be recovered via one or
more flow lines 28.

The hydrocarbon fraction including the unreacted resid
and asphaltenes may be fed via flow line 30 to solvent
deasphalting unit 32 to produce an asphaltenes fraction
recovered via flow line 34 and a deasphalted oil fraction. The
deasphalted oil fraction may be recovered from solvent
deasphalting unit 32 via flow line 18 and fed to second
hydrocracking reaction stage 22, as described above.

Referring now to FIG. 2, a simplified process flow dia-
gram of processes for upgrading resid according to embodi-
ments disclosed herein is illustrated, where like numerals
represent like parts. As described for FIG. 1, the first stage
reactor effluent and the second stage reactor effluent may be
fed via flow lines 16, 24 to separation system 26. In this
embodiment, separation system 26 may include a high
pressure high temperature separator 40 (HP/HT separator)
for separating the effluent liquid and vapor. The separated
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vapor may be recovered via flow line 42, and the separated
liquid may be recovered via flow line 44

The vapor may then be directed via flow line 42 to a gas
cooling, purification, and recycle compression system 46. A
hydrogen-containing gas may be recovered from system 46
via flow line 48, a portion of which may be recycled to
reactors 14, 16. Hydrocarbons condensed during the cooling
and purification may be recovered via flow 50 and combined
with the separated liquid in flow line 44 for further process-
ing. The combined liquid stream 52 may then be fed to an
atmospheric distillation tower 54 to separate the stream into
a fraction including hydrocarbons boiling in a range of
atmospheric distillates and a first bottoms fraction including
hydrocarbons having a normal boiling point of at least 340°
C. The atmospheric distillates may be recovered via flow
line 56, and the first bottoms fraction may be recovered via
flow line 58.

The first bottoms fraction may then be fed to a vacuum
distillation system 60 for separating the first bottoms frac-
tion into a fraction including hydrocarbons boiling in a range
of vacuum distillates and a second bottoms fraction includ-
ing hydrocarbons having a normal boiling point of at least
480° C. The vacuum distillates may be recovered via flow
line 62, and the second bottoms fraction may be recovered
via flow line 30 and processed in the solvent deasphalting
unit 32 as described above.

It may be necessary to reduce the temperature of the
second bottoms fraction prior to feeding the second bottoms
fraction to solvent deasphalting unit 32. The second bottoms
fraction may be cooled via indirect or direct heat exchange.
Due to fouling of indirect heat exchange systems that often
occurs with vacuum tower residues, direct heat exchange
may be preferred, and may be performed, for example, by
contacting the second bottoms fraction with at least one of
a portion of the first bottoms fraction and a portion of the
neat resid feed, such as may be fed via flow lines 64 and 66,
respectively.

As illustrated in FIG. 2, processes disclosed herein may
include a stand-alone gas cooling, purification and compres-
sion system 46. In other embodiments, the vapor fraction
recovered via flow line 42, or at least a portion thereof, may
be processed in a common gas cooling, purification, and
compression system, integrating the gas processing with
other hydroprocessing units on site.

Although not illustrated, at least a portion of the
asphaltenes recovered via flow line 34 may be recycled to
the first hydrocracking reactor stage in some embodiments.
Upgrading or otherwise using asphaltenes recovered via
flow line 34 may be performed using other various processes
known to one skilled in the art. For example, the asphaltenes
may be blended with a cutter such as FCC slurry oil and used
as fuel oil, or processed alone or in combination with other
feeds to delayed coking or gasification units, or pelletized to
asphalt pellets.

EXAMPLES

The following examples are derived from modeling tech-
niques. Although the work has been performed, the Inven-
tors do not present these examples in the past tense to
comply with applicable rules.

In the examples presented below, FIG. 3 (Comparative
Example 1) is a process for upgrading resid, a standalone
LC-FINING unit designed to produce stable low sulfur fuel
oil, where the reactor data is based upon actual commercial
plant performance data. FIG. 4 (Example 1) is a process for
upgrading resid according to embodiments disclosed herein.
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The following description and comparative data, including
key reaction parameters presented in Table 1, provides a
comparison between the standalone process and an inte-
grated process according to embodiments disclosed herein.

Comparative Example 1

A comparative system 300 for upgrading resid is illus-
trated in FIG. 3, and includes a reaction section 302 and a
separation system 304. Reaction section 302, for example,
may include a single cracking reaction stage, such as an
LC-FINING reaction system having three reactors in series.
Resid and hydrogen are fed via flow lines 306 and 308,
respectively, to reactor section 302 for cracking/upgrading
of the resid. Effluent from reactor section 302 is then fed via
flow line 310 to separation system 304 for fractionating the
reactor effluent into desired fractions, including atmospheric
distillates and vacuum distillates, recovered via flow lines
312 and 314, respectively, and a vacuum residue, recovered
via flow line 316.

As illustrated in FIG. 3, separation system 304 includes a
high pressure high temperature separator 320, a gas cooling,
purification, and compression system 322, an atmospheric
fractionation tower 324, and a vacuum fractionation tower
326. Fresh or make-up hydrogen is fed to the gas cooling,
purification, and compression system 322 via flow line 330,
mixed with unreacted hydrogen and other light gases recov-
ered in gas system 322, and forwarded to reactor section 302
via flow line 308.

The total feed rate of resid (via flow line 306) to reactor
section 302 is approximately 25000 barrels per stream day
(BPSD). Reactor Section 302 is operated at a temperature
and pressure sufficient to react approximately 62% of the
resid. Separation of the reactor effluent recovered via flow
line 310 results in recovery of approximately 8250 BPSD
atmospheric distillates via flow line 312, 7620 BPSD
vacuum distillates via flow line 314, and 10060 BPSD
vacuum residue via flow line 316. An overall resid conver-
sion of approximately 62% is achieved.

Example 1

A process for upgrading resid according to embodiments
is simulated with a flowsheet as illustrated in FIG. 4, which
is similar to FIG. 2. As such, reference numerals for FIG. 2
are used to represent the same components in FIG. 4, and the
description of the process flow is not repeated here. As with
FIG. 3, the fresh/make-up hydrogen is fed via flow line 12
to the gas cooling, purification, and compression system 46.
Reaction stage 14 includes one reactor, and reaction stage 22
includes two reactors in series.

The total feed rate of resid (via flow line 10) to first reactor
stage 14 is approximately 40000 BPSD. First reactor stage
14 is operated at a temperature and pressure sufficient to
react approximately 52% of the resid. Second reactor stage
22 is operated at a temperature and pressure sufficient to
react approximately 85% of the DAO feed. Combined
separation of the first and second stage effluents recovered
via flow lines 16 and 24, respectively, results in the recovery
of 17825 BPSD atmospheric distillates recovered via flow
line 56, 17745 BPSD vacuum distillates recovered via flow
line 62, and 22705 BPSD vacuum residue recovered via flow
line 34. The vacuum residue is then processed in solvent
deasphalting unit 32, operating at approximately 75% lift
and recovery and feed via flow line 18 of approximately
17030 BPSD DAO to second reaction stage 22. An overall
resid conversion of approximately 84.3% is achieved.
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As shown by the examples above, the overall residue
conversion can be increased by more than 22% to 84.3%
using processes according to embodiments disclosed herein
(Example 1) as compared to a standalone LC-FINING unit
(Comparative Example 1). The results of the Example 1 and
Comparative Example 1 are further compared in Table 1.

TABLE 1

Comparative

Example 1  Example 1  Example 1
Stage — 1 2
Resid Conversion, 975 + 62 52 85
vol %
Hydrodesulfurization 83 60 80
achieved, wt. %
Total feed capacity, BPSD 25000 40000 17030
LHSV 1/hr. X 2.2X 1.5X
Number of Reactors 3 1 2
Reactor Operating Temp, ° C. Y Y+15 Y+23
Chemical Hydrogen Z 1.252 0.827
Consumption, SCFH
Total Reactor Volume, m? A 0.72A 0.45A
Catalyst Addition Rate, B 0.75B 0.25B

Ibs/Bbl

The conversion, reactor temperature, and reactor liquid
hourly space velocity for the operation of the reactors in both
Example 1 and Comparative Example 1 are limited by the
stability of the fuel oil, which typically must have a sediment
content of less than 0.15 wt %, as measured by the Shell Hot
Filtration Test (i.e. IP-375).

The reaction system parameters for Example 1 are sup-
ported by data obtained from pilot plant testing of both the
straight run vacuum residue and the DAO derived from the
unconverted hydrocracked vacuum residue. As a result of
the reduced residue conversion from first stage reactor 14,
the thermal operating severity (i.e. reactor temperature and
space velocity) can be increased, compared with the reactors
in Comparative Example 1, producing stable low sulfur fuel
oil and without significantly affecting the sediment forma-
tion. This, in combination with the higher thermal severity
at which the DAO conversion stage can be operated, enables
60% more vacuum resid feed to be processed at 22% higher
conversion while requiring only an 18% increase in reactor
volume. As a result of the higher conversion attainable with
the flow scheme of Example 1, atmospheric and vacuum
distillate production is increased from 64 vol % to 89 vol %,
based on fresh vacuum resid feed.

In addition due to the reduced metals removal in the first
reaction stage and the rejection of metals in the SDA pitch
(asphalt recovered via stream 34) the unit catalyst addition
rate (i.e., 1bs per barrel of vacuum resid feed) can be reduced
by 15% or more. Similarly, as a result of the reduced CCR
and asphaltene conversion in the first reaction stage and the
subsequent rejection of asphaltenes in the SDA pitch, light
gas make and unit chemical hydrogen consumption is
reduced by 10 to 15% than would otherwise be the case if
the same conversion were achieved without integration of a
SDA Unit.

As described above, embodiments disclosed herein pro-
vide for the efficient conversion of heavy hydrocarbons to
lighter hydrocarbons via an integrated hydrocracking and
solvent deasphalting process.

In one aspect, processes according to embodiments dis-
closed herein may be useful for attaining a high overall feed
conversion in a hydrocracking process, such as greater than
60%, 85%, or 95% conversion.
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In another aspect, processes according to embodiments
disclosed herein may provide for reducing the required size
of processing equipment, including at least one of a hydro-
cracking reactor and a solvent deasphalting unit. High
conversions attained may result in relative recycle rates less
than required by prior art processes to achieve high overall
conversions. Additionally, hydrocracking at least a portion
of the asphaltenes in the first reaction stage may provide for
decreased feed rates, solvent usage, etc., associated with the
solvent deasphalting unit as compared to prior art processes.

In yet another aspect, processes according to embodi-
ments disclosed herein may provide for decreased catalyst
fouling rates, thereby extending catalyst cycle times and
catalyst lifespan. For example, operating conditions in the
first reaction zone may be selected to minimize sediment
formation and catalyst fouling that may otherwise occur
when hydrocracking asphaltenes.

Significant reductions in capital and operating costs may
be realized due to one or more of the low recycle require-
ments, efficient catalyst usage, and partial conversion of
asphaltenes prior to solvent deasphalting.

Removal of asphaltenes in between the reaction stages
may additionally result in a lower sediment deposition
problem in equipment associated with separation of liquid
from vapor in the reactor effluent circuit, including equip-
ment in the fractionation section.

While the disclosure includes a limited number of
embodiments, those skilled in the art, having benefit of this
disclosure, will appreciate that other embodiments may be
devised which do not depart from the scope of the present
disclosure. Accordingly, the scope should be limited only by
the attached claims.

What is claimed:

1. A process for upgrading resid, comprising:

hydrocracking a resid in a first reaction stage to form a

first stage effluent;

hydrocracking a deasphalted oil fraction in a second

reaction stage to form a second stage effluent;
feeding the first stage effluent and the second stage
effluent to a separation system;

fractionating the first stage effluent and the second stage

effluent in the separation system to recover at least one
distillate hydrocarbon fraction and a liquid hydrocar-
bon fraction;

separating the liquid hydrocarbon fraction in an atmo-

spheric distillation column to recover at least a second
distillate hydrocarbon fraction and a second liquid
hydrocarbon fraction;

separating a portion of the second liquid hydrocarbon

fraction in a vacuum distillation column to recover at
least a third distillate hydrocarbon fraction and a resid
hydrocarbon fraction;

cooling a portion of the resid hydrocarbon fraction via

direct heat exchange with at least a portion of the
second liquid hydrocarbon fraction; and

feeding the cooled resid hydrocarbon fraction to a solvent

deasphalting unit to provide an asphaltene fraction and
the deasphalted oil fraction.

2. The process of claim 1, wherein at least one of an
operating temperature and an operating pressure in the
second reaction stage is greater than an operating tempera-
ture and an operating pressure of the first reaction stage.

3. The process of claim 1, wherein at least a portion of
asphaltenes in the resid are hydrocracked in the first reaction
stage.
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4. The process of claim 1, further comprising operating
the first reaction stage at a temperature and pressure to
hydrocrack the resid at a conversion from about 30 wt. % to
about 75 wt. % of the resid.
5. The process of claim 4, wherein the process achieves an
overall resid conversion of at least 60 wt. %.
6. The process of claim 4, wherein the process achieves an
overall resid conversion of at least 95 wt. %.
7. The process of claim 1, wherein the resid hydrocarbon
fraction comprises hydrocarbons with a normal boiling point
of at least 340° C.
8. The process of claim 1, wherein the first reaction stage
comprises a single ebullated bed reactor.
9. The process of claim 1, wherein the second reaction
stage comprises at least one of an ebullated bed reactor and
a fixed bed reactor.
10. A process for upgrading resid, comprising:
feeding hydrogen and a resid hydrocarbon to a first
reactor containing a first hydrocracking catalyst;

contacting the resid hydrocarbon and hydrogen in the
presence of the hydrocracking catalyst at conditions of
temperature and pressure to crack at least a portion of
the resid hydrocarbon;

recovering an effluent from the first reactor;

feeding hydrogen and a deasphalted oil fraction to a

second reactor containing a second hydrocracking cata-
lyst;

contacting the deasphalted oil fraction and hydrogen in

the presence of the second hydrocracking catalyst at
conditions of temperature and pressure to crack at least
a portion of the deasphalted oil;

recovering an effluent from the second reactor;

separating the first and second reactor effluents in a high

pressure high temperature separator to provide a gas
phase product and a liquid phase product;
separating the liquid phase product in an atmospheric
distillation tower to recover a fraction comprising
hydrocarbons boiling in a range of atmospheric distil-
lates and a first bottoms fraction comprising hydrocar-
bons having a normal boiling point of at least 340° C.;

separating a portion of the first bottoms fraction in a
vacuum distillation tower to recover a fraction com-
prising hydrocarbons boiling in a range of vacuum
distillates and a second bottoms fraction comprising
hydrocarbons having a boiling temperature of at least
480° C.;

cooling the second bottoms fraction via direct heat
exchange with a portion of the first bottoms fraction;
and
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feeding the cooled second bottoms fraction to a solvent
deasphalting unit to provide an asphaltene fraction and
the deasphalted oil fraction.

11. The process of claim 10, wherein at least one of an
operating temperature and an operating pressure in the
second reactor is greater than an operating temperature and
an operating pressure of the first reactor.

12. The process of claim 10, wherein at least one of an
operating temperature and an operating pressure in the
second reactor is less than an operating temperature and an
operating pressure of the first reactor.

13. The process of claim 10, wherein at least a portion of
asphaltenes in the resid hydrocarbon are hydrocracked in the
first reaction stage.

14. The process of claim 10, further comprising operating
the first reactor at a temperature and pressure to achieve a
resid conversion in a range from about 30 wt. % to about 75
wt. %.

15. The process of claim 14, wherein the process achieves
an overall resid conversion of at least 60 wt. %.

16. The process of claim 14, wherein the process achieves
an overall resid conversion in the range from about 60 wt.
% to about 95 wt. %.

17. The process of claim 10, wherein the resid hydrocar-
bon comprises hydrocarbons with a normal boiling point of
at least 480° C.

18. The process of claim 10, wherein the first reactor
comprises a single ebullated bed reactor.

19. The process of claim 10, wherein the second reactor
comprises at least one of an ebullated bed reactor and a fixed
bed reactor.

20. The process of claim 10, wherein the fractionating
comprises feeding the first reactor effluent and the second
reactor effluent to a common fractionation system.

21. A process for upgrading resid, comprising:

hydrocracking a resid in a first reaction stage to form a

first stage effluent;

hydrocracking a deasphalted oil fraction in a second

reaction stage to form a second stage effluent;
feeding the first stage effluent and the second stage
effluent to a separation system;

fractionating the first stage effluent and the second stage

effluent in the separation system to recover at least one
distillate hydrocarbon fraction and a resid hydrocarbon
fraction;

feeding the resid hydrocarbon fraction to a solvent deas-

phalting unit to provide an asphaltene fraction and the
deasphalted oil fraction.
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